Abstract. The populations of bright planetary nebulae in the discs of spirals appear to differ in their spectral properties from those in ellipticals and the bulges of spirals. The bright planetary nebulae from the bulge of the Milky Way are entirely compatible with those observed in the discs of spiral galaxies. The similarity might be explained if the bulge of the Milky Way evolved secularly from the disc, in which case the bulge should be regarded as a pseudo-bulge.
Introduction
Planetary nebulae (PNe) are the penultimate evolutionary stage of stars in the 1-8 M ⊙ mass range. Bright PNe (large absolute luminosities in the [O iii] λ5007 line) are useful for studying aspects of stellar and galactic evolution in the nearby universe. The bright end of the luminosity function of PNe in [O iii] λ5007 (PNLF) has been used as a secondary distance indicator for galaxies of all morphological types (e.g., Ciardullo et al. 1989) . While the physics behind the constancy of the PNLF peak luminosity is not clearly understood, empirical evidence indicates that the brightest PNe in all galaxies reach similar luminosities, have nebular shells whose kinematics are similar, and arise from stellar progenitors that have undergone similar nucleosynthetic processes (Ciardullo et al. 2002; Richer & McCall 2008; . The internal kinematics evolve with time, but not necessarily in the same way in all galaxies. It is tempting to suppose that the same stellar progenitors produce the brightest PNe in all galaxies, but it is unclear whether this is feasible since the dominant stellar populations vary from galaxy to galaxy, both in mass and metallicity.
PNe are dynamical systems. The state of both the central star and the nebular shell change substantially with time. Models predict that, initially, the luminosity in Hβ increases very rapidly, but that the [Oiii] λ5007 luminosity overtakes it some time later (e.g., Schönberner et al. 2007 ). As a result, both the Hβ luminosity and 5007/Hβ ratio vary with time, probing to some extent the luminosity and temperature, respectively, of the central star. How the 5007/Hβ ratio varies as a function of the Hβ luminosity will depend upon the details of the central star and nebular shell and how they vary with time (e.g., the nebular mass and its distribution, the opacity of the nebular shell to ionizing photons, and the relative evolutionary rates of the central star and nebular shell).
We can use observations of the Hβ luminosities and 5007/Hβ ratios for bright PNe in different galaxies to determine whether the details of the evolution are the same in all galaxies. If bright PNe in all galaxies arise from stars with the same masses, metallicities, and ages, the distribution of Hβ luminosities and 5007/Hβ ratios should be the same. In Fig. 1 , we see that they appear to differ, at least between the discs of spiral galaxies and ellipticals and the bulges of spirals, even for the PNe with the highest luminosities. First, the majority of objects more than 2 mag below the PNLF peak in disc systems (left panel) have larger 5007/Hβ ratios than those in ellipticals and spheroids (compare the ellipses in both panels). Though their [O iii] λ5007 luminosities are similar, the Hβ luminosities differ (those of the PNe in spheroids are brighter), so there is no reason they should be missing from observations of the discs of spirals, if they exist. Second, compared to disc systems, the ellipticals and spheroids have a deficit of PNe with luminosities 1-2 mag below the PNLF peak luminosity, but with high 5007/Hβ ratios (circle, right panel). In summary, there must be a variety of ways to produce the intrinsically brightest PNe.
These differences may be exploited to determine the origin of a PN population in some cases. In the left panel of Fig. 1 , the median values are shown for the four evolutionary phases of bright PNe from the Milky Way bulge, ordered as indicated, from . Clearly, the locus defined by these median values are compatible with the the distribution of PNe in discs, perhaps evidence that the Milky Way's bulge evolved secularly from its disc.
